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ABSTRACT 
 With a view to select divergent parents genetic diversity was estimated 
among twenty genotypes. Thirty F1 progenies developed by line-tester mating 
were studied from seedling generation to first clonal generation for five 
important agronomic traits. Cluster analysis reveals that the parents could be 
grouped into seven different clusters. Cluster means showed wide range of 
variation for several traits among singles as well as multi genotypic clusters. 
Considering diversity pattern, parents should select from cluster I, III, IV and V 
for the improvement of potato. Analysis of variance revealed that all most all 
the sources of variation were highly significant for all the studied traits in both 
generations. Parents Challisha, Lalpakri, Patnai, Chamak, Sadagoti, TPS-67 and 
TPS-364 were found to be good general combiners for tuber yield and yield 
contribution traits due to their gca effects. The sca effects showed that out of 30 
hybrids 12 were found to have specific combining ability for tuber yield and 
those hybrids also exhibited considerable heterosis for tuber yield and yield 
contributing traits.  
 Key words: Combining ability, first clonal generation, genetic diversity, 
heterosis, seedling generation, Solanum tuberosum 
 
SAŽETAK 
 U svrhu selekcije različitih roditelja procijenjena je genetska raznolikost 
među dvadeset genotipova. Trideset potomaka F1 razvijenih spajanjem linija - 
ispitivača istraživano je od generacije sadnica do prve generacije klona za pet 
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važnih agronomskih osobina. Analizom klastera otkriveno je da se roditelji 
mogu svrstati u sedam različitih klastera. Prosjeci klustera pokazali su veliki 
raspon variranja kod nekoliko osobina među pojedinačnim kao i više-
genotipskim klasterima. S obzirom na raznolikost uzorka roditelje treba 
selekcionirati iz klastera I, III, IV i V za oplemenjivanje krumpira. Analizom 
varijance otkriveno je da su gotovo svi izvori variranja bili veoma značajni za 
sve istraživane osobine u obje generacije. Roditelji Challisha, Lalpakri, Patnai, 
Chamak, Sadagoti, TPS-67 i TPS-364 bili su dobri spajatelji za prinos gomolja i 
osobine prinosa zbog svog gca djelovanja. Djelovanje gca je pokazalo  da je od 
30 hibrida 12 imalo određene sposobnosti spajanja za prinos gomolja, a ti su 
hibridi također ispoljili znatnu heterozu za osobine prinosa gomolja i osobine 
što doprinose prinosu.  
 Ključne riječi: sposobnost spajanja, prva generacija klona, genetska 
raznolikost, heteroza, generacija sadnica, Solanum 
tuberosum   
 
INTRODUCTION 
 Potato is an herbaceous tuber-bearing plant. Traditionally it is propagated 
by planting seed tubers. Depending upon the cultivar, flower may or may not be 
produced. Flowering is always accompanied by tuber initiation. Flower color 
varied from white to purple and flowers may lead to berries or be aborted, 
which is either due to varietal differences or to strong self incompatibility of the 
flower (Mondal 2003).  
 Parent selection is most important to achieve desirable hybrids in a breeding 
program. Maximum achievement will be achieved if the parents have a high 
probability of producing desirable clones able to survive many rounds of 
selection in the scheme. The estimate of genetic divergence in the available 
germplasm is important for the selection of desirable donors for breeding 
programme (Lotan and Pradhan 2005). The modern genetic breeding requires 
crosses between productive and genetic divergent parents, in order to have 
better heterotic effect and variability in the segregant generations (Cruz 2001). 
Simmonds (1979, 1996) and Mendoza and Haynes (1974) emphasized the need 
to screen parents and cross before their use in the breeding program and 
suggested that combining ability analysis based on progeny test data is useful 
method for evaluating parents and crosses for a wide range of quantitative traits. 
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Combining ability is one of the powerful tools in identifying the best combiner 
that may be used in crosses either to exploit heterosis or to accumulate fixable 
genes.     
 Potato is highly heterozygous crop. The knowledge of genetic divergence 
and its nature and degree serves a useful purpose to identify desirable parents 
for potato breeding programme. Combining ability and heterosis is perquisite 
for developing a good hybrid variety of potato. There is no report about 
utilization of genetic divergence for the selection of parents in potato breeding 
Bangladesh. Present work was conducted to assess the genetic diversity among 
the parents with the view of selection of desirable parents. After that according 
to D2 results we design potato breeding program using line-tester crossing 
model. Combining ability and heterosis were used to find out best combiner and 
hybrid vigor form F1 seedling generation and first clonal generation.    
 
MATERIALS AND METHODS 
 To asses genetic diversity 20 diverse potato genotypes were evaluated. 
According to the D2 results ten female and three male parents were selected for 
cross breeding programme. For flower induction artificial lighting was 
performed to extend photoperiod up to 17 hours with the help of high pressure 
sodium bulb. Emasculation and bagging was done properly. Pollens from male 
parents were collected from 10 am to 12 noon and again from 3 pm to 4 pm. On 
the following day pollination on desirable female parents were done. After 50 
days of pollination the berries were collected and dryed in shade. After that TPS 
seeds were extracted from dry berry and stored in desicator. The F1 TPS were 
sown in seedling trays filled with 1:1 mixture of sand and farmyard manure. 
After one month seedlings were transferred in to the field. Crops were harvested 
at 90 days after planting. After that seed tubers were stored in clod storage. The 
first clonal generation’s seed tubers were sown in field. All trails were laid in a 
randomized complete block design with plot size of 6 m2 comprising three rows 
of 20 hills per row planted at intra and inter row spacing of 20 and 60 cm, 
respectively. The recommended agronomic practices were followed to raise 
good crops. Observations were recorded and calculated on nine randomly 
selected plants from each plot on plant height, branch number, tuber number, 
tuber yield and average tuber weight. The divergence among 20 potato 
genotypes was estimated through the use of Mahalonobis (1936) Generalized 
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Distance as a measure of genetic dissimilarity, combined with Tocher Method 
and Principle Components. Combining ability analysis was done according to 
Kempthorne (1957). Heterosis was calculated from following formula.  
Mid parent heterosis %= {( F1 – Mid parent) ÷Mid parent} ×100 
Better parent heterosis % = {( F1 – Batter parent) ÷ Batter parent} ×100 
Standard parent heterosis % = {( F1 – Standered parent) ÷Standard parent} ×100 
 All the statistical analysis was performed by using MS Excel 2002, 
NTSYSpc 2.10 and GENSTAT 9.2  
 
RESULTS  
 A cluster analysis was performed based on five morphological traits and 
results are illustrated in Figure 1. Cluster analysis based on morphological 
measured distances provided fairly good divisions of the parental genotypes 
into their heterotic groups (Figure 1). By applying of non-herierarchical 
clustering using co-variance matrix, twenty genotypes of potato were grouped 
into seven different clusters. Cluster I, V and VI consisted of maximum number 
of genotypes and cluster VII consisted or minimum number of genotypes. The 
dendrogram also shows comparatively low similarity among the populations. 
Genotypes were displayed in clustering ranging from 0.19 to 1.83. A clear 
separation among the genotypes was not found.  
 The intra and inter cluster distance in terms of average D2 values are 
presented in Table 1. The highest inter cluster distance was between IV and V 
and the lowest between cluster II and VII. The minimum and maximum intra 
cluster divergence was found in cluster IV and V, respectively. The cluster 
mean for the five important agronomic traits are presented in Table 2. The 
highest plant height, branch number, tuber number, tuber yield and average 
tuber weight were recorded from cluster III, VII, VI, IV and IV, respectively.  
 Analysis of variance for combining ability of both seedling and clonal 
generations are presented in Table 3. The results reveal that treatment, parents, 
crosses, lines, testers and lines × testers were highly significant for all the 
studied traits in both generations. Where as parents vc crosses was highly 
significant all most all the traits except tuber number in both generations.  
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Figure 1: Dendrogram of the twenty genotypes clustered on the basis of morphological data 
based genetic distance estimates. 
Figure 1 Dendogram dvadeset genotipova okupljenih na osnovi morfoloških podataka što se                      
temelje na procjeni genetske udaljenosti  
 
Replication exhibited non-significant result for all the traits except branch 
number.  
 The mean square of specific combining ability (sca) was higher than general 
combining ability (gca) for all the studied traits in both generations. In addition, 
the ratio of the mean square components associated with variance of gca and sca 
was much less than the theoretical maximum of unity for all traits studied. 
These results tend to suggest that genetic variation among crosses was primarily 
of the non-additive type. The results of the analysis of variance for combining 
ability were also confirmed from the additive (σ2A) and dominance (σ2D) 
components of variance. 
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Table 1. Intra and inter cluster average D2 in twenty potato genotypes. Bold diagonals 
denotes intra cluster D2 values where as off diagonals are inter cluster values.  
Tablica 1. Prosjek D² unutar (intra) i među (inter) klastera u 20 genotipova krumpira. 
Debele dijagonale označuju D²  vrijednosti unutar klastera a vrijednosti među        
klasterima su izvan dijagonala  
 I II III IV V VI VII 
I 9.924 6.48 6.989 6.852 8.977 6.219 6.504 
II  5.409 6.884 5.711 7.717 6.421 4.024 
III   5.769 7.357 8.868 7.009 6.122 
IV    4.415 9.648 7.092 5.588 
V     14.577 7.536 7.859 
VI      12.66 6.168 
VII       0 
 
Table 2.  Cluster mean of five important agronomic traits in D2 analysis. 












I 36.61 3.04 8.72 60.69 7.67 
II 48.72 3.91 15.86 81.91 5.19 
III 56.65 3.39 7.83 259.89 36.79 
IV 31.22 3.33 9.78 386.56 41.8 
V 25.64 3.28 11.17 316.68 31.4 
VI 53.64 5.11 27.92 251.92 9.78 
VII 35.15 9.96 15.44 48.29 3.18 
Estimation of general combining ability effects of both generations are 
presented in Table 4. The gca effects showed that a wide range of variability 
existed among the parents in both generations. None of the thirteen parents 
however, showed significant gca effect for all the traits. Among the parents 
Challisha and TPS-364 are the most desirable female and male parents,  
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respectively, which contributed positive significant gca effect for plant height,  
branch number, tuber yield and average tuber weight in both generations. Ausha 
and Patnai exhibited significant positive gca effect for average tuber weight in 
both generation. 
 Specific combining ability effects were estimated from both seedling and 
clonal generations of thirty hybrids (Table 5). Among the 30 hybrids significant 
positive sca effects were noted in both generations from 6 hybrids for plant 
height, 1 hybrid for branch number, 3 hybrids for tuber number, 12 hybrids for 
tuber yield and 7 hybrids for average tuber weight. None of the hybrids 
possessed significant positive sca effect for all the traits together.  
 The means and range of performance, mid-, better- and standard- parent 
heterosis of seedling and clonal generations of 30 F1 hybrids are presented in 
Table 6. The mean performances for all the studied traits were higher in first 
clonal generation than seedling generation. The degree of heterosis varied from 
trait to trait in both generations. From seedling generation highest mid-, better- 
and standard- parent heterosis were observed in traits plant height, tuber number 
and plant height, respectively. On the other hand from clonal generation highest 
mid-, better- and standard- parent heterosis observed in tuber number. Among 
the 30 hybrids over 50% mid parent heterosis were found in crosses 
Patnai/TPS-13, Lalpakri/TPS-13, Lalpakri/TPS-67 and Chamak/TPS-67 for 
tuber yield; Patnai/TPS-13, Lalpakri/TPS-67, Lalpakri/TPS-364, Lalsill/TPS-
364, Chamak/TPS-67, Sadagoti/TPS-67, Silbility/TPS-364 and Ausha/TPS-364 
for tuber number and Patnai/TPS-67, Chamak/TPS-67, Hera/TPS-67 and MF-
II/TPS-13 for average tuber weight (data are not shown).  
 
DISCUSSION 
 Results of D2 analysis revealed that twenty genotypes were distributed in 
seven groups/clusters but there is no clear separation found among the 
genotypes, this indicates that considerable variation existed among the studied 
genotypes. Observation from cluster mean suggested that none of the clusters 
contained genotypes with all the desirable traits which could be directly selected 
and utilized. Also almost all the minimum and maximum cluster mean values 
were distributed in relatively distant clusters. To develop desirable hybrids, 
hybridization between the genotypes of diverse clusters is necessary. According 
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to Sinha et al. (1991) and Singh et al. (1996) recombination breeding between 
genotypes of different clusters is important to develop superior hybrid. In the 
present investigation, it is suggested that hybridization programme within the 
divergent cluster IV between V, I between V and III between V, are expected to 
give promising and desirable recombinants in the segregating generations.       
 The results analysis of variance indicated that source of variance viz. 
genotypes, parents, crosses, lines, testers and lines × testers for all the studied 
traits in both generations were highly significant. The magnitudes of mean 
square suggested that there were high heterotic responses for the studied traits.  
 The higher sca mean square than the gca indicated that the predominance of 
non-additive gene action in the expression of these traits and in agreement with 
the findings of the Sharma et al. (1998), Thompson and Mendoza (1984), 
Thompson (1980), Veilleux and Lauer (1981), Brown and Caligari (1986), 
Maris (1989), Neele et al. (1991), Bradshaw et al. (2000), Ortiz and Golmirzaie 
(2004), Biswas et al. (2005).   
 Among the thirteen parents challisha and TPS-364 exhibited positive 
significant gca effects in most of the studied yield contributing traits. So these 
parents should be utilized to produce highly productive hybrids. The gca effect 
for yield and average tuber weight appeared to be positively correlated which 
confirmed the observations of Mondal and Hossain (2006), Biswas et al. (2005) 
and Gaur et al. (1993).  
 According to Gilbert (1967) the additive parental effect as measured by gca 
effect are of more practical use to the breeder than non-allelic interaction, if 
these are exploited through conventional selection method. Rojas and Sprague 
(1952) also pointed out that gca effects would be more stable as compared to 
sca effect. In general, additive effects are mainly due to polygenes producing 
fixable effects and indicate the capacity of a variety in relation to all other 
varieties, it was crossed with. 
 The results of sca effects reveal that none of the crosses possessed 
significant positive sca effects for all the studied traits. It was also observed that 
those hybrids exhibiting positive significant sca effect were induced from 
crossing parent with good × good and good × poor general combiner. Generally 
good × good, poor × poor, poor × good and good × poor general combiner 
parents produced good specific combination. In these crosses additive × 
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additive, dominance × dominance, dominance × additive, additive × dominance 
type of gene action was found. In many cases good × good general combiner 
produced inferior cross combination indicating epistasis type of gene action for 
these traits.  
 According to our present investigation, it is clear that hybridization between 
the members of diverse cluster produced superior hybrid and it was conformed 
by combining ability and heterosis analysis. From our studies we found that 
Challisha, Lalpakri, Patnai, Chamak, Sadagoti, TPS-67 and TPS-364 can be 
used as parent for potato breeding to produce desirable yield producing hybrids. 
Those parents exhibited expected results from gca analysis and they were 
distributed in comparatively distance clusters and their hybrids also exhibited 
high heterosis. So it is concluded that genetic diversity among the parental 
genotypes is important for improvement of potato through breeding programme.   
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